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WUDGLWLRQDOSODQQLQJIUDPHZRUNLVJHQHUDOO\DVLQJOHIXWXUHGHWHUPLQLVWLFDSSURDFK7RDYRLGWKHULVNRIV\VWHPIDLOXUH
XQGHUFRQGLWLRQVWKDWFDQVLJQLILFDQWO\FKDQJHRYHUWLPHDPXOWLSOHVFHQDULRDSSURDFKKDVSURYHQWRKDYHDGYDQWDJHV
IRU PDNLQJ UREXVW PDQDJHPHQW GHFLVLRQV &RQVLGHULQJ WKH LQQHU VWUXFWXUH RI VFHQDULRV WHPSRUDO HYROXWLRQ LW LV
SRVVLEOHWRREWDLQD³UREXVW´GHFLVLRQSROLF\PLQLPL]LQJWKHULVNRIZURQJIXWXUHGHFLVLRQV8VLQJDVFHQDULRWUHH
EDVHGRSWLPL]DWLRQPRGHODPXOWLVWDJHGHFLVLRQPDNLQJDSSURDFKKDVEHHQGHYHORSHGLQSUHYLRXVSDSHUV>@WR
GHWHUPLQHUREXVWPDQDJHPHQWRIZDWHUUHVRXUFHVV\VWHPVXQGHUXQFHUWDLQW\FRQGLWLRQV
,Q WKLV SDSHU ZH XVH VFHQDULR DQDO\VLV WR LGHQWLI\ WKH RSWLPDO ZDWHU VXSSO\ PDQDJHPHQW XVLQJ DFWLYDWLRQ RI
HPHUJHQF\SXPSLQJVWDWLRQVLQFRPSOH[PXOWLUHVHUYRLUV\VWHPV0XOWLSHULRGVFHQDULRDQDO\VLVKDVEHHQGHYHORSHG
LQRUGHUWREDODQFH2SHUDWLQJDQG0DQDJHPHQW2	0FRVWVDQGWKHULVNVWKDWDUHRULJLQDWHGIURPWKHSRVVLELOLW\RI
ZDWHUVFDUFLW\XQGHUSRVVLELOLW\RIFULWLFDOK\GURORJLFVFHQDULRVRFFXUUHQFHV7KHVFHQDULRDQDO\VLVKDVEHHQGHYHORSHG
XVLQJPL[HGLQWHJHUSURJUDPPLQJRSWLPL]DWLRQDQGTXDGUDWLFIRUPXODWLRQRIWKHREMHFWLYHIXQFWLRQ&RQVLGHULQJD
PXOWLUHVHUYRLUFRPSOH[VXSSO\V\VWHPWKHPDLQDLPRIWKLVVWXG\LVWRSURYLGHWKHPDQDJHPHQWDXWKRULW\ZLWKRSWLPDO
UHVHUYRLUVWKUHVKROGOHYHOVIRUSXPSLQJVWDWLRQVDFWLYDWLRQDVVXULQJDQDGHTXDWHZDWHUGHPDQGOHYHOIXOILOOPHQWIRU
PXOWLXVHUV¶ DFWLYLWLHV LUULJDWLRQDO FLYLO LQGXVWULDO HWF 7KH FRQFHSW RI ³DGHTXDWH OHYHO´ RI IXOILOOPHQW PXVW EH
GHILQHGFRQVLGHULQJERWKWKHULVNRIVKRUWDJHRFFXUUHQFHVDQGFRVWRIHDUO\ZDUQLQJDQGWKHFRQVHTXHQWO\DFWLYDWLRQ
RI HPHUJHQF\ DQG FRVWO\ ZDWHU WUDQVIHUV ,Q WKH FDVH RI D ³EHWWHU VFHQDULR´ RFFXUUHQFH LH LQ WHUPV RI KLJKHU
K\GURORJLFLQSXWWRUHVHUYRLUV2	0UHJUHWFRVWVVKRXOGEHPDGHDVDFRQVHTXHQFHWKDWIXWXUHVFHQDULRVVKRXOGQRW
UHTXLUHSXPSLQJWKHZDWHU
6FHQDULRDQDO\VLVDSSURDFK
6FHQDULRDQDO\VLVDSSURDFKDULVHVIURPFRQVLGHULQJWKDWWKHIXWXUHHYHQWVFDQHYROYHZLWKDVHWRIGLIIHUHQWDQG
VWDWLVWLFDOO\LQGHSHQGHQWVFHQDULRV7KHVLQJOHVFHQDULRGHVFULEHVDSRVVLEOHUHDOL]DWLRQRIVRPHVHWVRIXQFHUWDLQGDWHV
LQ WKH H[DPLQHG WLPHKRUL]RQ ,Q D ILUVW VWHS LW LV SRVVLEOH WRZRUN XVLQJ D FRQILJXUDWLRQZLWK SDUDOOHO VFHQDULRV
IROORZHGE\DVLPXODWLRQDLPHGWRFRQILUPWKHUHOLDELOLW\RIHDFKVROXWLRQ(YHU\VROXWLRQLVFRPSRVHGE\DVHWRI
GHFLVLRQ VHTXHQFHV WKDW VKRXOGEH WDNHQRQ HDFK VFHQDULR DQG LW LV LQGHSHQGHQW IURP WKRVH FRQFHUQLQJ WKHRWKHUV
VFHQDULRV>@,QDVHFRQGVWHSDPRGHOWKDWH[DPLQHVFRQWH[WXDOO\DVHWRIGLIIHUHQWVFHQDULRVFDQEHHODERUDWHG,W
UHVSRQGVWRWKHSRVVLEOHWHPSRUDOHYROXWLRQVRIVRPHFUXFLDOGDWHVSURYLGLQJD³EDU\FHQWULFVROXWLRQ´WRWKHPXOWL
SHULRGGHFLVLRQSUREOHP7RFRQVLGHUWKHPXOWLSHULRGSUREOHPWKHVFHQDULRWUHHPXVWEHEXLOWLQRUGHUWRDJJUHJDWH
DOOVFHQDULRVLQRQHPRGHO7KLVDSSURDFKFDQEHUHSUHVHQWHGDVD³WUHHJUDSK´DFFRUGLQJWRDSSURSULDWHDJJUHJDWLRQ
UXOHV7KHIRUPXODWLRQRIWKHVHDJJUHJDWLRQUXOHV>@JXDUDQWHHWKDWWKHVROXWLRQLQDQ\JLYHQSHULRGLVLQGHSHQGHQW
RIWKHLQIRUPDWLRQQRW\HWDYDLODEOHLQRWKHUZRUGVWKH\FDQEHFRQVLGHUHGDVQRQDQWLFLSDWLYHGHFLVLRQFRQVWUDLQWV
7ZRVFHQDULRVVKDULQJDFRPPRQLQLWLDOSRUWLRQRIGDWDPXVWEHFRQVLGHUHGWRJHWKHUDQGSDUWLDOO\DJJUHJDWHGZLWKWKH
VDPH GHFLVLRQ YDULDEOHV IRU WKH DJJUHJDWHG SDUW LQ RUGHU WR WDNH LQWR DFFRXQW WKH WZR SRVVLEOH HYROXWLRQV LQ WKH
VXEVHTXHQWGLYHUVHSDUWV,QWKLVZD\WKHVHWRISDUDOOHOVFHQDULRVLVDJJUHJDWHGE\SURGXFLQJWKHWUHHVWUXFWXUH7KH
URRWQRGHRIWKHWUHHFRUUHVSRQGVWRWKHEHJLQQLQJRIWLPHSHULRGW )URPWKLVQRGHQVFHQDULRVVWDUWDQGFRQWLQXH
LQSDUDOOHOIRU7SHULRGV$WW 7HDFKRIQVFHQDULRVLVVSOLWLQWRQVFHQDULRVDQGDOOWKHREWDLQHGVFHQDULRVQQ
FRQWLQXHLQSDUDOOHOIRUDIXUWKHU7SHULRGVXQWLOW 7ZKHQHDFKRIWKHPLVVSOLWLQWRQDGGLWLRQDOVFHQDULRV
$QH[DPSOHRIVXFKDWUHHZLWK7 7 . Q QL DQGL LVVKRZQLQ)LJ,QSODQQLQJ
SUREOHPVFRQVLGHULQJPXOWLUHVHUYRLUVXSSO\V\VWHPRQHWLPHSHULRGFRXOGFRUUHVSRQGVWRRQHPRQWKDQGZHWDNH7
 ZKLFKFRUUHVSRQGVWRRQH\HDU7KLVPHDQVWKDWVSOLWWLQJRFFXUVDWWKHHQGRIHDFK\HDUZKLFKFRQIRUPVWRWKH
FRPPRQVHDVRQDOSDWWHUQVRILQIORZVDQGGHPDQGV
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$ZHLJKWFDQEHDVVLJQHGWRHDFKVFHQDULRWRFKDUDFWHUL]HLWVUHODWLYHLPSRUWDQFH7KHZHLJKWVFRXOGUHSUHVHQWWKH
SUREDELOLW\RIRFFXUUHQFHRIHDFKVFHQDULRLIWKLVSUREDELOLW\FDQEHHVWLPDWHGE\VWRFKDVWLFWHFKQLTXHVRUVWDWLVWLFDO
WHVWV EDVHG RQ KLVWRULFDO GDWD 7KH DJJUHJDWHGPXOWLVWDJH VWRFKDVWLF SURJUDPPLQJPRGHO FDQ EH H[SUHVVHG DV WKH
FROOHFWLRQRIRQHGHWHUPLQLVWLFPRGHO IRUHDFKVFHQDULRJ*SOXVDVHWRIFRQJUXLW\FRQVWUDLQWV UHSUHVHQWLQJ WKH
UHTXLUHPHQWWKDWWKHVXEVHWVRIGHFLVLRQYDULDEOHVFRUUHVSRQGLQJWRWKHLQGLVWLQJXLVKDEOHSDUWLQHDFKVFHQDULRPXVWEH
HTXDODPRQJWKHPVHOYHV>@
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ZKHUH[JUHSUHVHQWVWKHYHFWRURIGHFLVLRQYDULDEOHVLQVFHQDULRJWKHYHFWRUFJGHVFULEHVWKHXQLWFRVWRIGLIIHUHQW
DFWLYLWLHVOLNHGHOLYHU\FRVWRSSRUWXQLW\FRVWUHODWHGWRXQVDWLVILHGGHPDQGRSSRUWXQLW\FRVWRIVSLOOHGZDWHUDQGVR
RQ 7KH REMHFWLYH IXQFWLRQ LV GHILQHG DV WKH DYHUDJH RI WKH FRVW REMHFWLYHV RI DOO VFHQDULRV ZHLJKWHG ZLWK WKHLU
SUREDELOLWLHVSJ7KHVHWRIVWDQGDUGL]HGHTXDOLW\FRQVWUDLQWVGHVFULEHVWKHUHODWLRQVKLSVEHWZHHQVWRUDJHXVDJHVSLOO
DQGH[FKDQJHRIZDWHUDWGLIIHUHQWQRGHVDQGLQVXEVHTXHQWWLPHSHULRGV7KHULJKWKDQGVLGHVEJDUHIRUPHGIURP
VFHQDULRGDWDRILQIORZVDQGGHPDQGV7KHORZHUDQGXSSHUERXQGV OJDQGXJDUHGHILQHGE\VWUXFWXUDODQGSROLF\
FRQVWUDLQWVRQWKHIXQFWLRQLQJRIWKHV\VWHP$OOGHFLVLRQYDULDEOHVDQGGDWDDUHVFHQDULRGHSHQGHQWKHQFHWKHLQGH[
J$OOFRQVWUDLQWVLQHTXDWLRQDUHFROOHFWHGIURPDOOVFHQDULRVDQGSXWLQWKHDJJUHJDWHGPRGHO7KHDGGLWLRQDOVHW
RIQRQDQWLFLSDWLYHFRQVWUDLQWV[6UHSUHVHQWVWKHFRQJUXLW\FRQVWUDLQWVGHULYHGE\DJJUHJDWLRQUXOHV
&RVW±5LVNEDODQFLQJSUREOHP
7KHFRVWPLQLPL]DWLRQSRLQWRIYLHZLQWKHVFHQDULRRSWLPL]DWLRQPRGHOGHYHORSHGLQWKHSUHYLRXVVHFWLRQPD\QRW
EHVXIILFLHQWDQGLWVKRXOGEHHQKDQFHGE\FRQVLGHULQJWKHDVVRFLDWHGULVNRIUHVRXUFHIDLOXUHHYDOXDWLRQV)RUWKLV
UHDVRQPDQDJHPHQWRSWLPL]DWLRQPRGHOVVKRXOGLQFOXGHWKHEDODQFHEHWZHHQFRVWVDQGULVNVWRZKLFKWKHHQGXVHUV
DUHH[SRVHG>@:HDVVXPHWKDWWKHUHVRXUFHLQTXHVWLRQLVVFDUFHDQGIRUWKLVUHDVRQWKHGHPDQGFRXOGQRWEH
VDWLVILHGLQPDQ\VFHQDULRV,QVXFKVFDUFLW\VLWXDWLRQVPDQDJHUVVKRXOGGHYHORSDQHPHUJHQF\SROLF\WRDOOHYLDWHWKH
HIIHFWRIVKRUWDJHV,QRUGHUWRGRWKLVDXVHUVKRXOGNQRZLQDGYDQFHWKHUHGXFHGWDUJHWOHYHORIGHPDQGVDWLVIDFWLRQ
WKDW WKH V\VWHPPDQDJHU LVZLOOLQJ WRGHOLYHU WRKLPDQG WKDW LV LQGHSHQGHQWRISRVVLEOH VFHQDULRVRIXQFHUWDLQW\
8VXDOO\ WKLVQHZWDUJHW OHYHO[EZLOOEH OHVV WKDQ WKHXVHU¶VGHPDQGGXH WR LQKHUHQWVFDUFLW\RI WKHUHVRXUFH7KH
GLIIHUHQFHEHWZHHQRULJLQDOGHPDQGVDQGUHGXFHG WDUJHW[EZLOO UHSUHVHQW WKHSODQQHGVKRUWDJHVZKLFK WKHXVHU LV
DVNHGWRDFFHSWXQGHUGURXJKWFRQGLWLRQV%HVLGHVWKLVSODQQHGVKRUWDJHWKHUHFDQDOVREHXQSODQQHGVKRUWDJHVZKHQ
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GXHWRVHYHUHODFNRIUHVRXUFHVXQGHUVRPHVFHQDULRVLQWKLVFDVHVXSSO\LVOHVVWKHQWKDQUHGXFHGWDUJHW,QRUGHUWR
IDFHWKLVVLWXDWLRQDQGGHYHORSDQDSSURSULDWHHPHUJHQF\SROLF\WKHSURSRVHGPHWKRGRORJ\WULHVWRUHDFKD³UREXVW´
GHFLVLRQSROLF\ZKLFKFDQPLQLPL]HWKHULVNWRWDNHLQFRUUHFWDQGKDUPIXOIXWXUHGHFLVLRQV7KHQHZWDUJHWYDOXHV[E
KDYHWREHEDU\FHQWULFLQUHODWLRQWRIXWXUHVFHQDULRV:LWKWKLVNLQGRIDQDO\VLVZHFDQUHGXFHWKHGHILFLWOHYHOVLQWKH
VXSSO\V\VWHPLQWURGXFLQJVRPHPDQDJHPHQWSUHYHQWLYHPHDVXUHVVXFKDVGHFUHDVLQJWKHZDWHUGLVWULEXWHGWRWKH
XVHUVRUDFWLYDWLQJHPHUJHQF\WUDQVIHUV,QRXUPRGHOVZHVKRXOGKLJKOLJKWWKHLPSRUWDQFHRIIORZVEHWZHHQGHFLVLRQ
YDULDEOHV&RQVHTXHQWO\ LQWKHIROORZLQJPRGHO IRUPXODWLRQWKHYHFWRU[JZLOOUHSUHVHQWVUHVRXUFHGHOLYHU\LQWKH
PXOWLSHULRGJUDSKXQGHUVFHQDULRJPRUHRYHUXQGHUVFDUFLW\VFHQDULRVZHKDYHWRFDOFXODWHWKHQHZGHPDQGWDUJHW
[EZKLFKKDVWREHEDU\FHQWULFLQUHODWLRQWRDFWXDOGHPDQGGHOLYHU\ J[

7KHREMHFWLYHIXQFWLRQWULHVWRPLQLPL]HWKH
ZHLJKWHGGLVWDQFHRIWKHIORZYDOXHV J[

UHODWHGWRWKHEDU\FHQWULFYDOXH[EQDPHO\IRUHDFKVFHQDULRVJDQGSHULRGW
7KHFRVWULVNEDODQFLQJSUREOHPFDQEHIRUPXODWHGPRGLI\LQJWKHREMHFWLYHIXQFWLRQPRGHOLQDIRUPFRQWDLQLQJ
ERWKWKHULVNDQGFRVWWHUPVDVLQ>@
ÖPLQ     >   @EJ J J J J JJ * J *S F [ S Z [ [O O   ¦ ¦  
+HUHFJ LV WKHFRVWDVVRFLDWHGZLWKIORZYDOXHV[J LQSXPSLQJVWDWLRQVXQGHUVFHQDULRJ* Ö[ J[E  LV WKH
(XFOLGHDQPHDVXUHRIGLVWDQFHEHWZHHQWKHWDUJHWGHOLYHU\DQGDFWXDOGHOLYHU\WRGHPDQGVDQGZJLVWKHFRVWRIUHODWHG
XQSODQQHGGHILFLWV
7KHILUVWLWHPRIWKHREMHFWLYHIXQFWLRQLVD³FRVWIXQFWLRQ³DQGLWWULHVWRORRNIRUWKHV\VWHPIORZVFRQILJXUDWLRQ
WKDW DOORZV PLQLPL]LQJ WKH FRVWV VXSSRUWHG E\ ZDWHU V\VWHP¶V PDQDJHU 7KH TXDGUDWLF VHFRQG LWHP LV WKH ³ULVN
IXQFWLRQ´ LW FRXOG EH FRQVLGHUHG OLNH D QRQOLQHDU ³VRFLDO IXQFWLRQ´ LQ RUGHU WR JXDUDQWHH XVHUV¶ PDMRU SULRULW\
IXOILOOPHQWVUHIHUULQJWRIXWXUHVFHQDULRV,QWKLVZD\JLYLQJDZHLJKWWRERWKIXQFWLRQVZHFDQILQGWKHVROXWLRQRID
FRVWULVNEDODQFLQJSUREOHP7KHUHODWLRQVKLSEHWZHHQFRVWIXQFWLRQDQGULVNIXQFWLRQLVUHJXODWHGE\WKHSDUDPHWHUO
FDOOHG ³ZHLJKW IDFWRU´ >@ 7KLV SDUDPHWHU FDQ YDU\ EHWZHHQ  DQG ZKHUHO    FRUUHVSRQGV WR WKH SXUH FRVW
PLQLPL]DWLRQSUREOHPDQGIRUO WKHSUREOHPEHFRPHVRQHRIULVNPLQLPL]DWLRQ,QWHUPHGLDWHYDOXHVRIOSURYLGH
GLIIHUHQWWUDGHRIIVEHWZHHQFRVWVDQGULVNV:HVKRXOGEXLOGWKHHIILFLHQWIURQWLHULQWKHVSDFHRIULVNFRVWE\VROYLQJ
RXUSUREOHPIRUGLIIHUHQWYDOXHVRIO$VUHVXOWRIFRVWULVNEDODQFLQJSURFHVVLWZLOOEHREWDLQHGWKHEDU\FHQWULF
YDOXH [E ZKLFK ZLOO EH XVHG OLNH D QHZ WDUJHW YDOXH IRU D IROORZLQJ GHWHUPLQLVWLF PRGHOLQJ SKDVH FDOOHG UH
RSWLPL]DWLRQ7KHDLPRIWKHUHRSWLPL]DWLRQSKDVHLVWRHYDOXDWHWKHVHQVLWLYLW\RIWKHV\VWHPFRPSDUHGWRWKHDGRSWHG
VROXWLRQV 7KURXJK WKLV SKDVH ZH FDQ WHVW WKH UREXVWQHVV RI WKH V\VWHP DQG SODQ D SDUW RI WKH GHFLVLRQ SUREOHP
FRQVLGHULQJWKHULVNRIZURQJGHFLVLRQVFDXVHGE\ZURQJDVVXPSWLRQVGXHWRDGRSWHGSDUDPHWHUV
2SWLPL]DWLRQRI3XPSLQJ6FKHGXOHVXVLQJWKHPXOWLSHULRGQHWZRUN
3XPSVWDWLRQVDOORZWRVXSSO\VRPHGHPDQGFHQWHUVLQFULWLFDOVFHQDULRVZLWKDQLQFUHDVLQJ2	0HFRQRPLFEXUGHQ
WKDWPXVWEHHYDOXDWHGDQGDFFHSWHGE\V\VWHPPDQDJHU7KHDLPRI WKLVSDSHU LV WRGHILQH WKHRSWLPDOSXPSLQJ
VWDWLRQVDFWLYDWLRQ WKUHVKROGVPDLQO\XVLQJUHVHUYRLUV¶VWRUDJHYROXPHV OLNH WULJJHUYDOXHV7KHUHIRUHZHKDYH WR
GHILQH WKHVH YDOXHV E\ D FRVWULVNEDODQFLQJ SURFHVV FRQVLGHULQJ SXPSLQJ HQHUJ\ DQG PDQDJHPHQW FRVWV FRVW
HOHPHQW DQG ZDWHU GHILFLWV IRU XVHUV ULVN HOHPHQW PLQLPL]DWLRQ 0RUHRYHU LQ WKH FDVH RI D ³EHWWHU VFHQDULR´
RFFXUUHQFHLHLQWHUPVRIKLJKHUK\GURORJLFLQSXWWRUHVHUYRLUVDULVNHOHPHQWFRXOGEHJLYHQE\WKH2	0SXPSLQJ
UHJUHWFRVWVWKHPDQDJHUVKRXOGPDGHLQWKHSDVWDVDFRQVHTXHQFHWKDWIXWXUHVFHQDULRVVKRXOGQRWUHTXLUHSXPSLQJ
WKHZDWHU7KHSXPSDFWLYDWLRQFDQEHGRQHRQWKHVLQJOHVFHQDULRDQGRQGLIIHUHQWVFHQDULRVWRJHWKHULQWKLVZD\ZH
FDQGHILQHWKHEDU\FHQWULFDFWLYDWLRQYDOXH,QRXUPXOWLUHVHUYRLUVV\VWHPVWKUHVKROGVOHYHOVDUHPDLQO\UHIHUUHGWR
UHVHUYRLU¶VWRUDJHVWKDWDUHXVHGDVVXSSOLHVE\GHPDQGVFHQWHUV7KXVLQRUGHUWRRSWLPL]HWKHDFWLYDWLRQUXOHVZH
PXVWGHILQHDFULWLFDOVWRUHGYROXPHLQUHVHUYRLUVWKDWPD\VXSSO\E\JUDYLW\WKHGRZQVWUHDPGHPDQGFHQWHUV7R
FRPSRVHWKHPXOWLSHULRGPRGHOSUHOLPLQDU\ZHQHHGWRGHILQHWKHPXOWLSHULRGQHWZRUNVWDUWLQJIURPDEDVLFJUDSK
JLYHQE\DVLQJOHSHULRGVWDWLFGUDIWRIWKHV\VWHP7KHPXOWLSHULRGQHWZRUNFRQVWUXFWLRQQHHGVWRUHSHDWLWIRUHYHU\
WLPHKRUL]RQSHULRGXVLQJPXOWLSHULRGUXOHVDVGHILQHG LQ >@ ,Q WKLVZD\ LW LVSRVVLEOH WRGHVFULEH WKHFRPSOHWH
EHKDYLRURIWKHV\VWHPLQWKHZKROHH[WHQVLRQRIWKHWLPHKRUL]RQ6FKHPDWLFDOO\LQWKLVPXOWLSHULRGUHSUHVHQWDWLRQ
QRGHVFRXOGLQGLFDWHZDWHUVRXUFHVGHPDQGVUHVHUYRLUVVLWXDWLRQLQHDFKSHULRGZKLOHDUFVUHSUHVHQWWKHDFWLYLWLHV¶
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FRQQHFWLRQVEHWZHHQWKHP$UFVDUHGLYLGHGLQWZRW\SHVSK\VLFDODUFVGHVFULELQJVSDWLDOIORZWUDQVIHUVDQGLQWHU
SHULRG DUFVGHVFULELQJ LQWLPH IORZ WUDQVIHUV7KHPXOWLSHULRGJUDSK LV FRPSOHWHGE\ DGXPP\QRGHZKLFK FDQ
UHSUHVHQWDQ³H[WHUQDOV\VWHP´DFWLQJDVDVRXUFHRUDVDGHPDQGFHQWHULQRUGHUWRVDWLVI\WKHJHQHUDOPDVVEDODQFH
HTXDWLRQRIWKHV\VWHPLQWKHPXOWLSHULRGKRUL]RQ>@
$VSUHYLRXVO\GHILQHGDFWLYDWLRQRIDSXPSLQJVWDWLRQVDUHVXSSRVHGWREHGHSHQGHQWE\WKHVWRUHGYROXPHOHYHOV
LQUHVHUYRLUVWKDWVXSSOLHVE\JUDYLW\WKHGRZQVWUHDPGHPDQGQRGHV7KHUHIRUHWRPRGHOSXPSVDFWLYDWLRQZHLQVHUW
DELQDU\YDULDEOHKLWRHDFKLWKSXPSVWDWLRQ7KLVYDULDEOHUHSUHVHQWVWKHRQRIIFRQGLWLRQIRUWKHSXPSVWDWLRQDVLW
FDQDVVXPHRQHRU]HURYDOXHV,QWKHRSWLPL]DWLRQPRGHOKLLVGHSHQGHQWE\WKHVWRUHGOHYHO[YMLQWKHMWKUHVHUYRLU
0RUHRYHULWLVQHFHVVDU\WRLQWURGXFHDQHZFRVWWHUPLQWKHREMHFWLYHIXQFWLRQPXOWLSO\LQJKLE\DQDFWLYDWLRQ
SHQDOL]DWLRQFRHIILFLHQW&0LWKDWFDQEHUHFRJQL]HGDVDIL[HGFRVWPDQDJHPHQWDFWLYDWLRQRIWKHVWDWLRQ1HYHUWKHOHVV
WKHFRUUHFWO\EDODQFHGHYDOXDWLRQRI WKHVH&0LSHQDOL]DWLRQFRHIILFLHQWV LV DFRPSOH[ WDVN LWKDVEHHQGHYHORSHG
GXULQJDSUHOLPLQDU\SDUDPHWULFDQDO\VLVFRQVLGHULQJRQO\IHZVDPSOHVFHQDULRV'XULQJWKLVDQDO\VLVWKHSHQDOL]DWLRQ
FRHIILFLHQWYDOXHVRQHIRUHDFKSXPSVWDWLRQDUHUHWULHYHGE\PRGHORSWLPL]DWLRQDVWKH\DUHFRQVLGHUHGOLNHYDULDEOHV
WR EH RSWLPL]HG7KHUHIRUH WKH REMHFWLYH IXQFWLRQ RI WKHPXOWLSHULRG SUREOHP FRQVLGHULQJ DFWLYDWLRQ RI SXPSV
VKRXOGEHFRPSOHWHGLQWKHIROORZLQJIRUP
ÖPLQ     >   @EJ J J J J J L LJ * J * L 3S F [ S Z [ [ K &0O O     ¦ ¦ ¦  
0RUHRYHULQWKHPRGHOLWLVQHFHVVDU\WRLQWURGXFHWKUHHQHZW\SHRIFRQVWUDLQVLQRUGHUWRJXDUDQWHHDFRUUHFW
RSHUDWLRQRISXPSLQJVWDWLRQV

  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7KHILUVWW\SHRIFRQVWUDLQWDOORZVWKHLWKSXPSVWDWLRQDFWLYDWLRQLIWKHVWRUHGYROXPHLQUHVHUYRLUMLVXQGHUWKH
WKUHVKROGYDOXH6M,QWKLVFRQVWUDLQWKHSDUDPHWHU%0%LJ0LVDODUJHVFDODU
7KHVHFRQGFRQVWUDLQW JXDUDQWHHV WKDW LQFDVHRI LWKSXPSVWDWLRQDFWLYDWLRQ WKH IORZDORQJ WKHSXPSLQJDUF
VWDUWLQJIURPVWDWLRQLZLOOEHHTXDOWRLWVFDSDFLW\3L7KHWKLUGFRQVWUDLQWLPSRVHVDQXSSHUERXQGWRWKHDFWLYDWLRQ
VWRUDJHOHYHO6MHTXDOWRWKHUHVHUYRLUFDSDFLW\.M7RFRPSOHWHWKHPXOWLSHULRGPRGHOZLWKWKHVHFRQVWUDLQWVLW LV
QHFHVVDU\ WR JXDUDQWHH WKH FRUUHFW ZRUNLQJ RI SXPSLQJ VWDWLRQV ,Q JHQHUDO WKH RSWLPL]DWLRQ SURFHVV KDV EHHQ
GHYHORSHGLQWKHIROORZLQJPDLQVWHSV
 3DUDPHWULFDQDO\VLVRQVLQJOHVFHQDULRWRGHILQH&0LL 13
 6LQJOHVFHQDULRRSWLPL]DWLRQWRGHILQHVWDUWLQJYDOXHVRIUHVHUYRLUWKUHVKROGOHYHOV6M
 0XOWLVFHQDULRWUHHRSWLPL]DWLRQDQGEDU\FHQWULFYDOXHVGHILQLWLRQRIWKUHVKROGOHYHOV6M
 5HRSWLPL]DWLRQ
7KHRSWLPL]DWLRQRISXPSLQJVFKHGXOHVXVLQJPXOWLSHULRGVFHQDULRDQDO\VLVZDVLPSOHPHQWHGXVLQJWKHVRIWZDUH
*$06>@DFURQ\PRI*HQHUDO$OJHEUDLF0RGHOLQJ6\VWHP*$06DOORZVWRFRPELQHWKHKLJKHIILFDF\LQZULWLQJ
WKHRSWLPL]DWLRQPRGHOVZLWKIOH[LELOLW\RIGDWDPDQDJHPHQWYDULDEOHVDQGFRQVWUDLQVGHILQLWLRQ)XUWKHUPRUH*$06
FDQEHLQWHUIDFHGZLWKHIILFLHQWVROYHUVDQGRWKHUVVRIWZDUHLQRUGHUWRKDYHDQHDVLHULQSXWRXWSXWGDWDPDQDJHPHQW
$SSOLFDWLRQWR6RXWKHUQ6DUGLQLDZDWHUVXSSO\V\VWHP
6\VWHPGHVFULSWLRQ
7RYHULI\WKHSRWHQWLDOLW\RIWKHSURSRVHGDSSURDFKZHFRQVLGHUHGDVFKHPDWL]DWLRQRIWKH6RXWKHUQ6DUGLQLD,WDO\
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ZDWHUVXSSO\V\VWHPZKLFKKDVEHHQVFKHPDWL]HGLQWKH)LJ:DWHUUHVRXUFHVDUHPDLQO\JLYHQE\ILYHDUWLILFLDO
UHVHUYRLUVUHSRUWHGLQ7DE:DWHUGHPDQGVKDYHEHHQJURXSHGLQVL[FHQWHUVDFFRUGLQJWRWKUHHGLIIHUHQWXVHUV
FLYLOLUULJDWLRQDQGLQGXVWULDO$QQXDOYROXPHRIGHPDQGVDQGGHILFLWFRVWVDUHUHSRUWHGLQ7DE$VUHSRUWHGLQWKH
6DUGLQLD5HJLRQ:DWHU 3ODQ K\GURORJLFDO LQIORZV LQ WKH UHVHUYRLUV KDYH EHHQ UHFRQVWUXFWHG IURP  WR 
0RUHRYHUDVWXG\DVEHHQPDGHLQRUGHUWRHYDOXDWHLQIOXHQFHVRQKLVWRULFDOGDWDRIFOLPDWHFKDQJHVRFFXUUHGLQODVW
GHFDGHVSDUWLFXODUO\ LQ WKHSHULRGIROORZLQJ WKHHQGRI WKH¶2Q WKLVEDVLV WKHDSSOLFDWLRQKDVEHHQRUJDQL]HG
FRQVLGHULQJK\GURORJLFDOVFHQDULRVZKLFKDUHFRPSRVHGZLWKDFRPPRQURRWRI\HDUVDQGWKHIROORZLQJGDWD
GLYHUVLILHGLQ\HDUVVFHQDULRV

)LJ6RXWKHUQ6DUGLQLDVXSSO\V\VWHP
7DEOH5HVHUYRLUVIHDWXUHV
&RGH 5HVHUYRLU1DPH &DSDFLW\>P@
6 &DQWRQLHUD 
6 ,V%DUURFXV 
6 )OXPHQGRVD0XODUJLD 
6 %DX3UHVVLX 
6 &L[HUUL 

3XPSVWDWLRQVDOORZVXSSO\LQJGHPDQGFHQWHUVZLWKDQHFRQRPLFEXUGHQ LQFUHDVHGQDPHO\ LQFXUULQJSXPSLQJ
FRVWVLQDGGLWLRQWRWKHRUGLQDU\PDQDJHPHQWFRVWV7KHVNHWFKLQ)LJVLPSOLI\WKHUHDOFRQILJXUDWLRQFRPSOH[LW\RI
WKHV\VWHPEXW LWFDQDGHTXDWHO\FRUUHVSRQG WRUHDOLW\DQDO\]LQJ IORZFRQILJXUDWLRQIRUYDOXHVGULYHQ LQSXPSLQJ
VWDWLRQV
7KUHVKROGV OHYHOV IRU SXPSV DFWLYDWLRQ DUH UHIHUUHG WR VWRUHG YROXPH LQ UHVHUYRLUV WKDW VXSSO\ E\ JUDYLW\ WKH
GRZQVWUHDPGHPDQGQRGH7KLVFRXOGEHUHODWHGLQVRPHFDVHVWRDVLQJOHUHVHUYRLURUWRRIWKHPLQWKHVHFRQGFDVH
WKHWKUHVKROGYDOXHGHULYHVIURPWKHYROXPHVLQERWKUHVHUYRLUV7KXV LQRUGHUWRPDQDJHWKHOLIWLQJUXOH7DEOH
VXPPDUL]HVWKHIXQFWLRQDOGHSHQGHQFHV
7DEOH'HPDQGFHQWHUVUHTXLUHPHQWVDQGGHILFLWFRVWV
&RGH 'HPDQGFHQWUHV 'HPDQG>P\HDU@ 'HILFLWFRVW>¼P@
' &LYLO6DUFLGDQR  
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' ,UULJDWLRQ2ULVWDQR  
' ,QGXVWULDO&DPSLGDQR  
' ,UULJDWLRQ&DPSLGDQR  
' &LYLO&DPSLGDQR  
' &LYLO%DX3UHVVLX  
7DEOH3XPSVWDWLRQVIHDWXUHV
&RGH 3XPSVWDWLRQQDPH &DSDFLW\>0PPRQWK@ 3XPSLQJFRVW>¼P@
3 6DUFLGDQR  
3 7LUVR&DPSLGDQR  
3 &L[HUUL%DX3UHVVLX  
3 &L[HUUL&DPSLGDQR  
7DEOH3XPSVWDWLRQVDFWLYDWLRQGHSHQGHQFHV
3XPSVWDWLRQ
5HVHUYRLU
6 6 6 6 6
3     
3     
3     
3     
7DEOH3XPSVWDWLRQVDFWLYDWLRQWKUHVKROGV
$FWLYDWLRQ
7KUHVKROG>0P@
6 6 6 6
   
5HVXOWVDQG&RQFOXVLRQV
7KHEDU\FHQWULFYDOXHVIRUDFWLYDWLRQWKUHVKROGVKDVEHHQREWDLQHGE\VROYLQJWKHPRGHOFRPSOHWHGZLWKDQG
DQGXVLQJO WKXVFRQVLGHULQJDHTXDOEDODQFHEHWZHHQFRVWDQGULVNHOHPHQWV2EWDLQHGYDOXHVRIVWRUHG
ZDWHUDFWLYDWLRQWKUHVKROGVLQUHVHUYRLUVDUHUHSRUWHGLQ7DE,QWKHUHRSWLPL]DWLRQSKDVHWKHPRGHOFRQVLGHUVWKHVH
YDOXHVOLNHIL[HGSDUDPHWHUVLQSXWV$VDQH[DPSOHWKHIROORZLQJ)LJGHVFULEHVWKHRSHUDWLRQRISXPSVWDWLRQ3
LQGLIIHUHQWK\GURORJLFDOVFHQDULRV7KHEOXHOLQHUHSUHVHQWVWKHVWRUDJHYROXPHGHGXFHGWKHWKUHVKROGYDOXHZKLOH
WKHUHGOLQHUHSUHVHQWVWKHSXPSHGYROXPHV7KHILQDOUHVXOWDIWHUUHRSWLPL]DWLRQSKDVHKLJKOLJKWVRQO\VRPHVPDOO
QRSODQQHGGHILFLWVSDUWLFXODUO\LQGHPDQG'LQWKHVHFRQGVFHQDULRDGHILFLWRI0PLQRQO\RQHSHULRG
RIWLPHKRUL]RQZDVREWDLQHG7RFDOFXODWHWKHUHDOHFRQRPLFUHVSRQVHRIWKHV\VWHPDQHFRQRPLFSRVWSURFHVVRUKDV
EHHQ FRQVWUXFWHG FRQVLGHULQJ RQO\ WKH UHDO FRVWV QDPHO\ WKH XQSODQQHG GHILFLWV DQG SXPSLQJ FRVWV 7KH DQQXDO
SXPSLQJVWDWLRQVDQQXDODYHUDJHFRVWV>¼\HDU@LQWKHFRQVLGHUHGVFHQDULRVDUHWKHIROORZLQJ3 
3 3 3 
6FHQDULRDQDO\VLVRSWLPL]DWLRQFRQILUPVLWVSRWHQWLDOLW\DOVRFRQVLGHULQJWKLVSUREOHPZKLOHUHDFKLQJEDU\FHQWULF
YDOXHVDPRQJWKHDQDO\]HGK\GURORJLFDOVFHQDULRV7KHFRVWULVNEDODQFLQJKDVFRQWH[WXDOO\UHVWULFWHGGHILFLWULVNV
IRU WKH XVHUV DQG PLQLPL]HG WKH FRVWV RI WKH V\VWHP LQ VKRUWDJH FRQGLWLRQV 7KLV PHWKRG JXDUDQWHHV DOPRVW WKH
FRPSOHWHIXOILOOPHQWRIWKHZDWHUGHPDQGWKURXJKXQSODQQHGGHILFLWVPLQLPL]DWLRQDQGUDWLRQDOL]LQJHQHUJ\FRVWV

572   J. Napolitano et al. /  Procedia Engineering  89 ( 2014 )  565 – 572 




)LJ3XPSHGYROXPHVE\3DQGVWRUDJHYROXPHV>0P@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